Coumarin and its derivatives are reactive compounds, suitable for many syntheses. They are used as anticoagulants, antibacterial, animistic compounds. The interest in coumarins has increased because it was found that they reduce the HIV virus activity. The synthesis of 4-arylaminocoumarin derivatives from 4-hydroxycoumarin, has been carried out, and their antimycotic effects were tested. In the QSAR (quantitative structure-activity relationship) QSPR (quantitative structure-property-activity relationship) study we have used physicochemical properties and topological indices (Balaban index J(G), Wiener index W(G), informationtheoretical index I(G), and valence connectivity index (G), to predict bioactivity of the newly synthesized coumarin compounds. By using methods of molecular modelling, the relationships between structure, properties and activity of coumarin compounds have been investigated. The best QSPR models were obtained using valence connectivity index or combination indices. According Rekker's method the best correlation of calculated values log P, has been obtained with the model based on the inhibition zone (I) 4-arylaminocoumarin derivatives expressed in mm. The results obtained in this study enable further synthesis of new coumarin derivatives and predict their biological activity and properties.
Introduction
Studies of natural and synthetic coumarins and its derivatives have been present for a number of years. Coumarins and their derivatives are characterised with very good chemical reactivity and different bioactivity. A great number of synthesized derivatives are biologically active, and many of them are applied in therapy as anticoagulant, antibacterial and antifungal agents (1) . Recently the interest in coumarins has increased significantly because it was found that they reduce the HIV virus activity. (2, 3) A molecule of 4-hydroxycoumarin is very reactive and suitable for many syntheses. Due to the exceptional reactivity, we synthesized new 4-arylaminocoumarin derivatives from 4-hydroxicoumarin Derivatives of 4-arylaminocoumarin from 4-hydroxicoumrins were synthesized and their microbiological activity were examined. Newly prepared coumarin derivatives have various constituents, and according to that, they can exhibit potential microbiological activity; therefore, the microbiological activity of these derivatives in case of various species of bacteria and fungi was tested. The results obtained indicate that newly synthesized compounds have much better animistic properties than antibacterial (4) . QSAR analysis is a useful tool for examining the relationship between the biological activities, the physicochemical properties and the molecular structures of a series of compounds. The fundamental axiom of QSAR and QSPR modelling is that the structures of molecules are reflected in their biological activities and physicochemical properties (5) . Most molecular activities and properties can be represented by a single number, but molecular structure cannot similarly be represented. The representation of molecular structures by numbers is a way to encode the structural information in QSAR and QSPR studies. The modelling process reduced to a correlation between two set of numbers, one sets of numbers representing the molecular bioactivity or property and the other set representing the molecular structure. This correlation is meaningful only if it is carried out for a larger set of molecules. In this work, several quantitative QSPR models and QSAR models with topological indices will be used to study of some physicochemical properties and bioactivity of newly synthesized coumarins have been investigated. Topological indices have been mainly used for purpose of correlating the properties of molecules with their topological structure, since most of biological processes are difficult to quantify accurately. Lipophilicity has been investigated by determining the log P (partition coefficient). Lipophilicity is a property of a molecule, which depends on structure and can be changed by the modifications in the molecular structure. (6) 
Material and methods

Synthesis of derivatives of 4-arylaminocoumarin and their microbiological investigation
The synthesis of 4-arylaminocoumarins derivatives and their spectral characteristics, elementary analysis and results of microbiological activity were described in our previous investigation (4) . The microbiological activity of compounds was tested by the diffusion method on species Candida albicans 5934 (4) and are shown as inhibition zones expressed in mm. The results of synthesis, structure of 4-arylaminocoumarin derivatives and their microbiological activity are shown in Table 1 .
According to the method of encoding the structural information, the QSAR and QSPR models may be classified into three major groups (7): 1. empirical models 2. quantum -chemical models 3. non-empirical models.
In our research, we applied non-empirical QSAR-QSPR models, topological indices and log P. In QSAR modelling of lipophilicity of our compounds, the following topological indices were used: the Wiener index. The valence-connectivity indices, the Balaban index and information-theoretical index. In order to describing of molecular properties our compounds we are used values of log P. These values for the studied compounds were calculated according to the method of Rekker (8) .
Topological indices
The valence connectivity index, χ
v (G)
The molecular connectivity index, χ v (G) of molecular graph G is defined as (9): where the sum is taken over all edges of G. In equation d (i) and d (j) are the valences of vertices i and j making up edge i-j. For heterosystems, the connectivity index is given in terms of valence delta values δ (i) and δ (j) of atoms i and j. In that case it is denoted by χ v . This type of connectivity index is called the valence connectivity index (10) and is defined as where the sum is taken over all bonds i-j of the molecule. In this case edge of G has a weight of δ(i) δ(j).
The Balaban Index, J (G)
Balaban index J (G) represents the extended connectivity. This index, denoted by J (G), is defined as (11): Where is:
M-the number of edges in G; µ-cyclomatic number of G ; di-distance sum (i =1, 2, 3,…., N-Number of vertices in G).
The distance sum for a vertex i represents the sum of all entries in the corresponding row (or column) of the D distance matrix:
The cyclomatic number µ of a polycyclic graph G is equal to the minimum number of edges necessary to be erased from G in order to transform it onto the related acyclic subgraph: µ = M-N+1 
The Information-Theoretic Index, I(G)
This index was calculated by the modification of Shannon´s relation (14): n-the number of different sets of elements Ni-the number of elements in the i-th set of elements and the sum is over all sets of elements.
The Wiener Index, W(G)
The Wiener Index, W(G) of a structure G can be obtained from the distance matrix D of the corresponding hydrogen-depleted chemical graph G as the half-summation of the elements of D (15):
(D)ij-off-elements of D(G) which stand for the shortest distance in terms of the number of bonds between atoms i and j in G.
The calculation of partition coefficient logP (octanol/water)
Values the log P(o/w) for the series coumarines are calculated according to the method of Nys and Rekker (16, 17) :
f-the hydrophobic fragmental constant, the lipophilicity contribution of a constituent part of a structure to the total lipophilicity.
an-numerical factor which indicating the incidence of fragment (fn) in the structure.
TAM program for the calculation of topological indices in QSPR and QSAR studies was used.
Results
The results of synthesis, structure of 4-arylaminocoumarin derivatives and their microbiological activity and selected physiochemical properties: molecular mass (M.m.), melting point (M.p.) partition coefficient (logP) calculed according to Rekker's method, van der Waalsvolume (Vw) and inhibition zones of arilaminocoumarin derivatives expressed in mm, and topologic indices: Wiener index W(G), information-theoretical index I(G), Balaban index J(G) and valence connectivity index χ v (G) are shown in Table 1 .
Discussion
In this work, several quantitative QSPR and QSAR models for predicting properties and activity of 4-arylaminocoumarin derivatives are considered. As one might expect, different properties were best modelled with different regression and different indices. We have compared each physicochemical property with each topological index. To test the quality and accuracy of derived models, the following statistical parameters were used: n is the number of data points, r the correlation coefficient, s the standard deviation. Molecular mass shows best correlation with valence connectivity index χ v (G) (Figure 1 ). It is obvious that by increase of the molecule by substituents CH3, OCH3 and OC2H5 the correlation is decreased. Table 1 shows the values of log P which for the investigated compounds are all negative, indicating a decrease of lipophilicity. The QSAR model based on the partition coefficient has shown the best correlation with the inhibition zone (I) 4-arylaminocoumarin derivatives expressed in mm (Figure 4 ).
Figure 4
The parabolic QSPR model of inhibition zone I (mm) of 4-arylaminocoumarin derivatives based on the partition coefficient log P I =19.8574 + 9.1083 log P + 1.8379 log P2 n=10 r= 0.9121 s= 2.28
The partition coefficient was found most suitable in QSPR study and correlation with tested activity to Candida albicans 5934 is shown as the inhibition zone (I) of certain 4-arylaminocoumarin derivatives expressed in mm. The best activity to Candida albicans was shown by the compounds 4 and 9. Better activity to Candida albicans was shown by the compound with substituent on R1 position. The results obtained indicate that zone inhibition increases with lipophilicity.
Conclusion
We have investigated linear and several nonlinear relationships between the topological indices as discussed in previous section, and selected properties of 4-arylaminocoumarin derivatives. In our investigations, the best QSPR models were obtained using valence connectivity index or combination indices. The best QSAR model was based on the partition coefficient and it has shown the best correlation with the inhibition zone (I) 4-arylaminocoumarin derivatives expressed in mm. All newly synthesized compounds have negative values of log P, and indicate decrease of lipophilicity. CH3 group and Cl increased lipophilicity and antimycotic activity, especially when the substituent was on R1 position. Other examined indices and regression analysis have not a good correlation and are irrelevant for the purpose of this study. The results obtained in this study will enable targeted synthesis of new coumarin derivatives of defined physicochemical properties and desired biological activity.
